Introduction There is evidence to sug-
Clear cells in the epithelium of many organs were first described in detail by Feyrter,' who regarded them as components of a "diffuse endocrine epithelial organ," now known generally as the "diffuse endocrine system." In the lung, in all species so far studied, they occur in the epithelium of bronchi and bronchioles and to a lesser extent in alveolar walls. They are found as single cells or in groups. Some of these groups After being dewaxed and taken to absolute alcohol the sections were pretreated with 1% In the lungs of both groups nearly all cells were solitary (fig 1) and usually in the epithelium of bronchi and bronchioles; only one cluster of cells was seen and it was in an alveolar duct ( fig  2) . Solitary cells had the shape and situation typical of pulmonary endocrine cells in normal mammalian lungs. They were usually elongated in shape with a round, basal nucleus and located on the basement membrane (fig 1) . Most contained gastrin releasing peptide, calcitonin containing cells comprising a much smaller population (table 2, fig 3) . All cells that were labelled for one or other of these secretory products (there was no evidence of co-storage) were neurone specific enolase positive, but occasional neurone specific enolase immunoreactive cells contained neither.
All three Aymaras (cases 1-3) showed muscularisation of their pulmonary arterioles, and in addition case 1 showed intimal longitudinal muscle and the formation of inner muscular tubes.67 There were no abnormalities of the pulmonary arterial tree in cases 4-6 or in the lungs of the lowlanders.
Discussion
Although acute exposure to hypoxia undoubtedly induces activity in neuroepithelial bodies in rabbits,348 the effects of chronic hypoxia are uncertain. Studies on animals in the laboratory, where hypoxia has been induced by using hypobaric chambers, have produced contradictory results.'5 This may be due to a combination of factors, including variability in experimental conditions, differences in species or strain susceptibility,"5 and the fact that the changes induced by hypoxia may be subtle, requiring careful study for their detection.'6 1 ' Studies at natural high altitude have produced similarly variable results.'2' Rabbits native to the Peruvian Andes and thus exposed all their lives to hypobaric hypoxia were reported to show increased clusters of argyrophilic cells in the lung,'8 but we were unable to find such an effect in various animal species in the Himalaya of Ladakh.'9 We studied the pulmonary endocrine cells of sheep, goats, and the yak, together with the yak's interbreeds with cattle (the dzo and stol) at Sakti (4500 m) and compared them with those of sheep and goats at Srinagar (1590 m). There were no differences in their number or distribution, as shown by immunolabelling with neurone specific enolase, that could be ascribed to the effects of hypobaric hypoxia, though species differences were substantial. More recently guinea pigs from the Peruvian Andes have been shown to have significantly more clusters of pulmonary endocrine cells than controls from sea level, whereas there was no difference in the number of solitary cells.20
In an abstract Memoli et a12' reported that in six of 20 cells contain predominantly gastrin releasing peptide and calcitonin,22 especially the former. The absence of discernible differences between the two groups of subjects in the present study may simply be because numbers were too small, or because any changes that had occurred in the highlanders were too subtle to be detected by the methods we used. Furthermore, we cannot entirely exclude the possibility that differences in endocrine cell numbers were present in those parts of the lung that we did not sample-namely, the extrapulmonary and large intrapulmonary bronchi and subpleural parenchyma. Any such difference, however, would be likely to be most apparent in that part of the lung most richly populated with endocrine cells, the intrapulmonary bronchi and terminal bronchioles,22 which we were careful to include in the tissue we took.
We are confident that there was no increase in endocrine cell clusters in the subjects from La Paz, as has been reported in previous studies in man2 ' and animals'8 20 from high altitude, when hypoxia has been postulated as its cause.
The lack of any apparent proliferation of gastrin releasing peptide containing cells in the lungs of the highlanders contrasts with the situation in subjects with plexogenic pulmonary arteriopathy due to primary pulmonary hypertension or secondary to congenital cardiac shunts.2324 In these conditions, particularly when associated with cellular plexiform lesions and especially in the preplexiform phase, when migration of vascular smooth muscle cells from the media to the intima is at its height,25 gastrin releasing peptide containing cells are abundant. A similar association has been described in subacute infantile mountain sickness in Tibet.26 This condition is a manifestation of a failure of initial acclimatisation to high altitude in Han infants taken up to reside in Lhasa, and is also characterised by migration of smooth muscle cells from the media to the intima and a prominence of gastrin releasing peptide containing endocrine cells.
Possibly these findings are related to the role of gastrin releasing peptide as a trophic agent. It has been shown to stimulate the growth of normal human bronchial epithelial cells in vitro27 as well as murine fibroblasts.28 It increases the incorporation of tritiated thymidine into developing bronchial epithelium of fetal mouse lungs in utero and in vitro and ofhuman fetal lung in organ culture.29
In Aymara Indians we have studied previously6 and in the present study we have found remodelling of the pulmonary arterial tree but with only limited migration of medial vascular smooth muscle cells into the intima. In the present study we could not find an association between the migration of smooth muscle cells and prominence of gastrin releasing peptide containing cells. This may be because the remodelling of the pulmonary arterial tree that had occurred in the Aymara Indians is characterised by only limited migration of smooth muscle cells.67
Increased numbers of calcitonin containing endocrine cells seem to be most strongly associated with inflammation,'4 30 which was not a feature of the lungs examined in the present study. Proliferation of such cells does occur in its absence2324 and may in some way be associated with a more generalised disturbance in the structure and function of the pulmonary endocrine system.
